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(54) Venous filter for assisted venous return 

(57) The need for a venous reservoir in a heart-lung 
machine is obviated by using a vacuum-purged nega- 
tive-pressure air filter in the venous return line ahead of 
the main blood pump. The purging vacuum for the 
venous air filter can also be used to purge air from the 
cardiotomy reservoir if a backflow-preventing valve is 
used on the venous air filter. 
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Description 

[0001] This invention relates to blood filters used in 
cardiopulmonary bypass circuits, and more particularly 
to a negative pressure blood filter for use in the venous 5 
line whether using assisted venous return techniques or 
not. 

[0002] Conventional cardiopulmonary bypass uses 
an extracorporeal blood circuit which includes a venous 
drainage line, venous reservoir, blood pump, oxygena- w 
tor, and arterial filter. Blood circulation is accomplished 
by draining blood from the patient by gravity through the 
venous drainage line to the venous reservoir. From 
there, blood drains down to the blood pump, placing this 
portion of the circuit at a negative pressure with respect 15 
to atmosphere. The pump supplies positive pressure to 
return the blood to the patient through the oxygenator 
and filter. The venous reservoir holds blood volume as 
required, while both the venous reservoir and arterial fil- 
ter remove air bubbles from the blood. These may 20 
cause health problems if returned to the patient in the 
arterial blood flow. Air can enter the circuit from a 
number of sources, including around the venous can- 
nula and through various unanticipated intraoperative 
events. A further complication arises if a centrifugal 25 
pump is used, in which case a large volume of air will 
de-prime the pump, depriving it of its pumping capabil- 
ity. 

[0003] In order to remove air from an extracorporeal 
circuit prior to its use, the circuit is primed with an appro- 30 
priate solution. During surgery, this solution dilutes the 
patient's blood, and it is therefore desirable to minimize 
the volume required. The venous reservoir contains a 
relatively large volume of fluid, and recently it has been 
proposed to eliminate this component of the circuit. 35 
Several problems arise, however. Without the venous 
reservoir between the patient and the oxygenator, any 
air in the venous line will either accumulate in the cen- 
trifugal pump (if used) or be pumped into the oxygena- 
tor. Furthermore, if a large bolus of air is introduced, it 40 
may de-prime the pump and oxygenator. Although arte- 
rial filters are designed to capture air bubbles, they are 
not designed to handle larger volumes of air such as 
may occur from the causes described above. Also, arte- 
rial filters are located downstream of both the pump and 45 
the oxygenator, and therefore cannot prevent air prob- 
lems that would occur in those devices. Furthermore, 
conventional arterial filters are designed to operate at 
positive blood pressures. 

[0004] The present invention improves upon the so 
design of an arterial filter to allow it to be used as a 
venous filter at a negative pressure and to capture 
larger volumes of air, and, according to one aspect, pro- 
vides a heart-lung machine, comprising: 

55 

a) a venous return line receiving venous blood from 
a patient; 

b) an arterial supply line supplying arterial blood to 



said patient; 

c) a negative pressure air filter connected to said 
venous return line so as to cause said patient's 
blood to flow through said filter; 

d) a blood pump and a blood oxygenator connected 
between said air filter and said arterial supply line, 
said blood pump being arranged to pump blood 
from said air filter toward said arterial supply line; 
and 

e) said air filter including: 

i) a bubble trap arranged to trap air bubbles 
present in said patients blood; 

ii) an air chamber arranged to receive said 
trapped air bubbles; 

iii) an air sensor arranged to sens the presence 
of air in said air chamber; and 

iv) a vacuum applied to said air chamber, said 
vacuum being applied when, and only when, 
said sensor senses the presence of air in said 
chamber. 

[0005] According to a second aspect, there is pro- 
vided a negative pressure venous air filter, comprising: 

a) an airtight container; 

b) a blood inlet on said container adapted to be con- 
nected to a venous return line for introducing 
venous blood into said container; 

c) a blood outlet on said container adapted to be 
connected to a source of negative pressure for 
pumping blood out of said container; 

d) an air chamber in said container; 

e) a bubble trap in said container for entrapping air 
in said blood and conveying it to said air chamber; 
and 

f) a vacuum connection at said air chamber 
adapted to connect said air chamber to a vacuum 
source for evacuating said air chamber; 

g) the suction created by said vacuum being greater 
than said negative pressure. 

[0006] Preferred embodiments of the invention will 
now be described, by way of example only, with refer- 
ence to the accompanying drawings. 

Fig. 1 is a schematic diagram of a conventional 
heart-lung machine; 

Fig. 2 is a schematic diagram of an AVR type heart- 
lung machine; 

Fig. 3 is a schematic diagram of a heart-lung 
machine in accordance with the invention; and 
Fig. 4 is a partly schematic vertical section of a filter 
in accordance with the invention. 

[0007] Conventional heart-lung equipment, as 
schematically depicted in Fig. 1, draws the blood of a 
patient 10 during cardiovascular surgery through a 
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venous line 12, oxygenates it, and returns the oxygen- 
ated blood to the patient 10 through an arterial line 14. 
Cardiotomy blood and surgical field debris are aspirated 
by a suction device 1 6 and are pumped by pump 1 8 into 
a cardiotomy filter 20. 5 

[0008] In a conventional extracorporeal blood cir- 
cuit, venous blood from line 12, as well as defoamed 
and filtered cardiotomy blood from filter 20, are dis- 
charged into a venous reservoir 22. In the reservoir 22, 
air entrapped in the venous blood (as, for example, air w 
drawn into the blood circuit through the sutures, not 
shown, that attach the venous line 12 to a vein of the 
patient 10) rises to the surface of the blood in the reser- 
voir 22 and is vented to atmosphere through a purge 
line 24. The purge line 24 is typically about a 6 mm 15 
inside diameter line, and the air space above the blood 
in reservoir 22 is substantial. 

[0009] In the conventional circuit of Fig. 1 , a pump 
26 draws blood from the reservoir 22 and pumps it 
through an oxygenator 28 and an arterial filter 30 into 20 
the arterial line 14. The arterial filter is basically a bub- 
ble trap that traps any microair bubbles larger than 
about 20-40 urn and discharges them to atmosphere 
through a typically about 1 .5 mm ID purge line 32. 
[0010] As shown in Fig. 2, it has recently been pro- 25 
posed to produce an assisted venous return (AVR) and 
to eliminate the reservoir 22, which accounts for a major 
portion of the priming volume of the extracorporeal 
blood circuit, by moving the arterial filter 30 into the 
venous line 1 2, upstream of the pump 26. 30 
[0011] The filter 30 does not have an air space 
between its inlet and outlet, as the venous reservoir 22 
does. Consequently, the negative pressure caused on 
the outlet side of filter 30 in Fig. 2 by the pump 26 is 
transmitted as suction to the venous line 12, thereby 35 
assisting the venous return from the patient 10. 
[0012] In accordance with the invention (Fig. 3 and 
4), a filter 30 of the type and size conventionally used as 
an arterial filter is adapted for efficient use as an AVR fil- 
ter by several modifications. First, evacuation of air is 40 
facilitated by increasing the size of the purge port 34 to 
accept, e.g., a 6 mm ID purge line. Secondly, a vacuum 
greater than that normally used for venous drainage is 
applied to the purge port 34 to actively purge air from 
the filter 30. Thirdly, a check valve 36 is incorporated 45 
into the purge port to prevent air or blood from the car- 
diotomy filler 20 (which is at ambient pressure but is 
conveniently purged by the same vacuum that purges 
filter 30) from being drawn into the filter 30 by the nega- 
tive pressure in filter 30, when the purging vacuum is not 50 
active. Fourthly, an air sensor 38 is provided in the filter 
30 and is connected to activate the purge vacuum 
when, and only when, air is present in the filter 30. This 
prevents blood from being aspirated by the purging vac- 
uum. ° 55 
[0013] The purging vacuum may be produced by a 
pump 40, or it may be produced by connecting the 
purge line 42 to the vacuum outlet conventionally pro- 
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vided in operating rooms. 

[0014] Fig. 4 shows in somewhat schematic form 
the filter 30 of this invention. Blood enters the filter 30 
through an inlet 44 and is drawn through the filter ele- 
ment 46 and into the outlet 48 by the action of pump 26. 
A screen (not shown) or other conventional bubble-trap- 
ping device traps any air bubbles in the blood stream 
and causes them to rise to the top 50 of filter 30. Nor- 
mally, the filter 30 is filled with blood. When air begins to 
accumulate at the top of filter 30, this fact is sensed by 
the air sensor 38. The sensor 38 activates the vacuum 
in the purge line 22. The vacuum at the purge port 34 
overcomes the negative pressure in the filter 30 and 
draws out any accumulated air, shutting off under the 
control of sensor 38 when all the air has been removed. 

Claims 

1. A heart-lung machine, comprising: 

a) a venous return line (12) receiving venous 
blood from a patient (10); 

b) an arterial supply line (14) supplying arterial 
blood to said patient; 

c) a negative pressure air filter (30) connected 
to said venous return line (12) so as to cause 
said patient's blood to flow through said filter; 

d) a blood pump (26) and a blood oxygenator 
(28) connected between said air filter (30) and 
said arterial supply line (14), said blood pump 
being arranged to pump blood from said air fil- 
ter toward said arterial supply line; and 

e) said air filter (30) including: 

i) a bubble trap arranged to trap air bubbles 
present in said patient's blood; 

ii) an air chamber arranged to receive said 
trapped air bubbles; 

iii) an air sensor (38) arranged to sense the 
presence of air in said air chamber; and 

iv) a vacuum (34) applied to said air cham- 
ber, said vacuum being applied when, and 
only when, said sensor senses the pres- 
ence of air in said chamber. 

2. The heart-lung machine of claim 1 , further compris- 
ing: 

f) a suction pump (16) arranged to draw cardi- 
otomy blood from said patient; 

g) a cardiotomy filter (20) arranged to receive 
said cardiotomy blood, filter particulates and air 
therefrom, and convey filtered blood to said 
blood pump, said cardiotomy filter having an air 
chamber to receive the air filtered from said 
cardiotomy blood; 

h) a vacuum source (40) connected to said air 
chamber of said cardiotomy reservoir (20). 
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3. The heart-lung machine of claim 2, in which said 
vacuum source provides a vacuum to both said car- 
diotomy reservoir (30) and said negative-pressure 
air filter (30), and in which a check valve is further 

so connected to said negative pressure filter to pre- 5 
vent the negative pressure in said negative pres- 
sure filter from drawing cardiotomy blood into said 
negative pressure filter when said vacuum is turned 
off. 

10 

4. A negative pressure venous air filter, comprising: 

a) an airtight container; 

b) a blood inlet on said container adapted to be 
connected to a venous return line for introduc- 15 
ing venous blood into said container; 

c) a blood outlet on said container adapted to 
be connected to a source of negative pressure 
for pumping blood out of said container; 

d) an air chamber in said container; 20 

e) a bubble trap in said container for entrapping 
air in said blood and conveying it to said air 
chamber; and 

f) a vacuum connection at said air chamber 
adapted to connect said air chamber to a vac- 25 
uum source for evacuating said air chamber; 

g) the suction created by said vacuum being 
greater than said negative pressure. 

5. The air filter of claim 4, in which said connection 30 
connecting said air chamber to said vacuum source 

is a purge line (34) of substantially 6mm inner diam- 
eter. 



6. The air filter of claim 5, further comprising a check 35 
valve (36) in said purge line (34) for preventing fluid 
flow from said purge line into said air chamber. 

7. The air filter of claim 4, 5 or 6, further comprising: 

40 

h) an air sensor (38) arranged to sense the 
pressure of air in said chamber, and to activate 
said vacuum source when and only when air is 
present in said chamber. 
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